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Introduction 

This repor t  ou t l i nes  progress during the  second three  months of a 
bas i c  research study. The aims of the research a r e  t o  measure the 
magnetic s u s c e p t i b i l i t y  of some selected macromolecules, using a new 
superconducting de tec t ion  system, and t o  c o r r e l a t e  the r e s u l t s  of these 
measurements with the s t r u c t u r e  and with the  physical  and chemical 
proper t ies  of the  compounde. Of p a r t i c u l a r  Interest is the p o s s i b i l i t y  
of de tec t ing  e f f e c t s  due t o  the  quantized c o l l e c t i v e  motion of e l ec t rons  
i n  la rge  organic molecules. When these molecules a r e  subjected t o  high 
magnetic f i e l d s ,  t h e i r  diamagnetic s u s c e p t i b i l i t y  may change i n  a way 
which w i l l  be r e l a t ed  t o  the  multiple connect ivi ty  of the  molecules. 
These changes may give information about molecular s t r u c t u r e  and it  then 
may be possible  a l s o  t o  iden t i fy  c e r t a i n  b io log ica l  molecules by magnetic 
s u s c e p t i b i l i t y  measurements. 

The u l t ima te  motivation f o r  these  measurements spr ings  from the  idea 
expressed by F r i t z  London t h a t  the  property of long range ordering of the 
momentum, which charac te r izes  the e l ec t rons  i n  a superconductor and 
r e s u l t s  i n  the appearance of macroscopic quantum phenomena, may be of more 
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genera l  s ign i f icance  and, i n  par t icu lar ,  may be important i n  under- 
s tanding  the  macromolecules of biochemistry. ' This ordering, i f  present ,  
should a f f e c t  the  magnetic s u s c e p t i b i l i t y  of the  molecules, and may be 
de t ec t ab le  with the  techniques being developed i n  t h i s  research. 

A primary incent ive  €or these measurements is the  recent  appearance 
of extremely s e n s i t i v e  new techniques f o r  measuring magnetic f l u x .  These 
techniques a r e  being developed a t  Stanford University i n  conjunction w i t h  
experiments on quantized magnetic f l u x  i n  superconductors.2 
with superconducting sh ie lds  and superconducting p e r s i s t e n t  cur ren t  magnets, 
these  techniques make poss ib le  e n t i r e l y  new kinds of magnetic measurements. 

Together 

A n  a im of t h i s  research i s  t o  adapt the  new techniques, which have 
s e n s i t i v i t y  and magnetic f i e l d  range p o t e n t i a l i t i e s  much g r e a t e r  than 
e x i s t i n g  methods, t o  the  measurement of magnetic s u s c e p t i b i l i t y .  

During the  second three-month period of t h i s  research, a l l  the  com- 
ponents of the  s u s c e p t i b i l i t y  c ryos ta t  were completed and assembled. 
Experiments ( a t  l i q u i d  helium temperatures) were conducted f o r  approxi- 
mately th ree  weeks, to  test and c a l i b r a t e  t he  apparatus.  Some of the 
sample mater ia l s  have been obtained and pur i f ied .  

Magnetic Suscep t ib i l i t y  Apparatus 

The measurements being undertaken i n  t h i s  study w i l l  make use of a 
modulated inductance de tec tor ,  a superconducting c i r c u i t  o r ig ina ted  a t  
Stanford University f o r  de tec t ing  quantized magnetic f l u x  i n  super- 
conductors. I f  t h i s  c i r c u i t  can be adapted f o r  s u s c e p t i b i l i t y  measure- 
ments, it w i l l  g ive much grea te r  s e n s i t i v i t y  than present  methods and w i l l  
a l s o  make poss ib le  some new types of measurements. 

A. Description 

The de tec t ion  c i r c u i t  f o r  the  s u s c e p t i b i l i t y  apparatus  is  diagrammed 
i n  Fig. 1. Two fundamental p roper t ies  of superconductors a r e  used i n  
t h i s  circuit -- (1) the  f a c t  t h a t  the e lectr ical  r e s i s t ance  is zero,  thus 
allowing p e r s i s t e n t  cu r ren t s  (i.e.,  cu r ren t s  t h a t  f low undiminished f o r -  
ever  i n  a closed superconducting c i r c u i t ) ,  and ( 2 )  the  Meissner e f f e c t ,  
the  expulsion of t he  magnetic f i e l d  from the  i n t e r i o r  of a s o l i d  super- 
conductor when it i s  cooled below i ts  superconducting t r a n s i t i o n  tempera- 
ture  i n  the  presence of a magnetic f i e l d .  

London, F., Superfluids,  V o l .  1, p. 9. John Wiley and 
1950 

h a v e r ,  B. S. ,  Jr., and W. Y. Fairbank, Proceedings of 
na t iona l  Conference on Low-Temperature Physics. R. 0. 
Butterworth, Washington, D. C., 1963, p. 116 

Sons, New York, 

the  Eighth In t e r -  
Davies ed., 
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Coi ls  L,, L,, and L3 i n  Fig. 1 c o n s t i t u t e  a closed superconducting 
c i r c u i t .  I f  the  magnetic f l u x  l i nk ing  one of the  c o i l s ,  say L,, is  
changed, an e m f  i s  generated, causing a cu r ren t  t o  flow around the  loop. 
Since the  r e s i s t ance  i s  zero, the cur ren t  w i l l  p e r s i s t  and w i l l  induce, 
i n  c o i l s  L,, L,, and L,, magnetic f l u x  changes whose sum is j u s t  equal 
and opposite t o  the  f l u x  change made ex te rna l ly  on L,, thus  leaving the  
t o t a l  f l u x  l inked by the  c i r c u i t  (i .e.,  a l l  th ree  c o i l s )  unchanged. 
The p e r s i s t e n t  cur ren t  is proport ional  t o  the  e x t e r n a l  f l u x  change made 
through L, and is a permanent record of t h a t  change. A measurement of 
t h i s  p e r s i s t e n t  cur ren t  is then a measure of the  f l u x  change. I f  t he  
f l u x  change is  caused by removal from L, of a sample magnetized by an 
ex te rna l  f i e l d ,  H, then the  current  w i l l  be proport ional  t o  the  magneti- 
z a t i o n  (or s u s c e p t i b i l i t y )  of the sample. 

The p e r s i s t e n t  cur ren t  is measured by using a modulated inductance 
de tec to r  (shown i n  the  lower par t  of Fig. 1). C o i l  L, and a secondary 
c o i l ,  C, a r e  wound around a superconducting post, P. The superconducting 
pos t  i s  thoroughly grounded a t  one end to  a temperature, To, below i ts  
superconducting t r a n s i t i o n  temperature. The o ther  end can be heated 
pe r iod ica l ly  so t h a t  the  post  rises above its superconducting t r a n s i t i o n  
temperature and then cools  back t o  the  superconducting s t a t e .  
pos t  is  normal (i.e.,  not  superconducting), the  cu r ren t  flowing i n  L, 
causes a magnetic f l u x  t o  l i n k b o t h  L, and C. When the  post  goes super- 
conducting, t h e  magnetic f l u x  ins ide  the  post  is expel led because of the  
Meissner e f f e c t ,  thus  changing the  amount of f l u x  l i nk ing  L, and C. A s  
the  post is  heated and cooled per iodica l ly ,  the  per iodic  v a r i a t i o n  of 
t he  f l u x  i n  C causes an a l t e r n a t i n g  vol tage across  t h e  coil ,  C. This  
vol tage can be measured and is propor t iona l  t o  the p e r s i s t e n t  cu r ren t  
flowing i n  the  c i r c u i t  L,-L,-L,. 

When t h e  

Although i n  p r inc ip l e  a s ing le  co i l  is s u f f i c i e n t  f o r  measurement 
of the  magnetization o r  s u s c e p t i b i l i t y  of the  sample, a b e t t e r  design 
uses t w o  c o i l s ,  L, and L,. These c o i l s  a r e  i d e n t i c a l  i n  size and 
number of turns. However, t he  windings of L, a r e  made i n  the  opposi te  
d i r e c t i o n  t o  those of L,. 

The sample whose magnetization or s u s c e p t i b i l i t y  is t o  be measured 
i s  placed i n s i d e  c o i l  L,, i n  t h e  presence of a uniform magnetic f i e l d ,  
H, appl ied t o  both L, and L,. Any p e r s i s t e n t  cu r ren t  a l ready present  i n  
the  c i r c u i t  L,-L,-L, is eliminated by momentarily heat ing a small  
region of the  c i r c u i t  with t h e  switch heater ,  S, causing a normal re- 
s i s t a n c e  i n  t h a t  p a r t  of the  c i r c u i t  and thus causing a l l  current t o  
decay t o  zero. Then the  heater  is turned off  and the  c i r c u i t  is  allowed 
t o  return t o  the  superconducting s t a t e .  

Now the  sample is moved from c o i l  L, i n t o  c o i l  L,; s i nce  c o i l  L, 
has i t s  windings i n  the  opposite d i r ec t ion ,  the  change i n  f l u x  i n  the  
c i r c u i t  (because of the  movement of t he  sample) is t w i c e  t h a t  which 
would have occurred had the sample simply been removed from c o i l  L,. 
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I f  the  p e r s i s t e n t  cur ren t  induced i n  the  superconducting c i r c u i t  
is  t o  measure only the  magnetization of the  sample, coi ls  L, and L, 
must be shielded from a l l  ex te rna l  magnetic f i e l d  var ia t ions .  These 
c o i l s  a r e  therefore  placed ins ide  a superconducting magnetic sh i e ld  
which, because of i t s  zero  res i s tance ,  allows no change i n  the  magnetic 
f l u x  i n s i d e  the  sh i e ld  once i t  h a s  been cooled through the  superconducting 
t r a n s i t i o n  temperature. 
number of t u rns  and s i z e ,  any magnetic f i e l d  change which is common to  
both c o i l s  causes no cur ren t  t o  flow i n  the  superconducting c i r c u i t  be- 
cause of the  opposite d i r e c t i o n  of the  windings. There a r e  s t i l l  very 
s t r i n g e n t  requirements on the  s t a b i l i t y  of t he  f i e l d ,  H, however, s ince  
t h i s  f i e l d  may be tens of kilogauss and s ince  f i e l d  changes of approxi- 
mately 
with the  s u s c e p t i b i l i t y  measurement f o r  weakly diamagnetic mater ia l s .  
This  degree of s t a b i l i t y  can be obtained only w i t h  superconducting 
per  s is t e n t  c urr en t ma gne t s con t a ined i n s i d e  the  s uperc ond uc t i n g  ma gne t i c  
sh i e ld .  

Insofar  a s  coi ls  L, and L, a r e  i d e n t i c a l  i n  

gauss i n  coi ls  L, or  L, can be de tec ted  and w i l l  i n t e r f e r e  

One of the  major design problems is the  sh i e ld ing  of the  modulated 
inductance de tec to r  (Fig. 1) from ex te rna l  magnetic f i e l d s .  Since the  
d e t e c t o r  measures a l l  magnetic f i e l d s  pene t ra t ing  post  P, both t h a t  due 
t o  cur ren t  flowing i n  L, and t h a t  due t o  any ex te rna l  source, a l l  ex t e rna l  
f i e l d s  must be eliminated. Consequently the  d e t e c t o r  is  a l s o  placed in-  
s i d e  a superconducting magnetic sh ie ld .  Before cool ing the  sh i e ld  through 
i t s  superconducting t r a n s i t i o n  temperature, post  P is  placed i n  a s  near ly  
zero magnetic f i e l d  a s  can be obtained with ex te rna l  ferromagnetic sh i e lds .  
The superconducting sh ie ld  is  then cooled below i ts  t r a n s i t i o n  temperature 
t o  preserve t h i s  near zero f i e l d  s t a t e .  A f u r t h e r  reduct ion of the  f i e l d  
is  accomplished with a trimming solenoid contained in s ide  the  magnetic 
sh ie ld .  The p o s s i b i l i t y  of maintaining a near  zero (say to  
gauss)  region a t  the  pos i t i on  of the  de t ec to r  while a t  t he  same t i m e  
applying a f i e l d  of tens  of kilogauss i n  the  region of the  sample depends 
c r u c i a l l y  on the  sh ie ld ing  proper t ies  of superconductors. 

In  order  t o  achieve extreme s e n s i t i v i t y  i n  measuring the  a l t e r n a t i n g  
vol tage appearing across  c o i l  C by d iscr imina t ing  aga ins t  noise ,  standard 
phase-sensit ive de t ec t ion  techniques a r e  used. The hea te r  f o r  pos t  P is 
operated by an o s c i l l a t o r  a t  frequency f ,  (usua l ly  between 100 and 1000 cps ) .  
Since heat ing of post  P appears for  each half of the  s i n e  wave, the vol tage 
generated a t  C is a t  2 f 0  and i n  a f ixed  phase r e l a t i o n  to  the  hea t ing  vo l t -  
age. The lock-in ampl i f ie r  using a reference s i g n a l  from the  hea ter  oscil- 
l a t o r  is  used t o  observe the  s igna l  a t  frequency 2 f 0  from co i l  C a t  t he  
optimum phase and is  t y p i c a l l y  used with bandwidths from 1 t o  1/10 cps.  

An improved technique, which is ac tua l ly  being used, i s  t o  provide a 
coi l ,  B, which is  concentr ic  with c o i l  L,. When the  sample has been 
moved from L, t o  L,, thus  causing a p e r s i s t e n t  cu r ren t  and a vol tage out -  
pu t  a t  C, an opposing f l u x  change can be introduced i n t o  c o i l  L, via a 
cu r ren t  i n  c o i l  B. When the  f lux  change due t o  the  cu r ren t  i n  B is exac t ly  
equal t o  the  change t h a t  occurred because of the  movement of the  sample 
from L, t o  L,, t he re  w i l l  be zero output from c o i l  C, and t h e  cu r ren t  flowing 
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i n  c o i l  B i s  then a d i r e c t  measurement of the  magnetization of the sample. 
The de tec t ion  c i r c u i t  is then being used simply a s  a n u l l  de t ec to r  of high 
s e n s i t i v i t y ,  e l imina t ing  dependence on the  gain c h a r a c t e r i s t i c s  of the  
de t ec t ion  system. 

The device can be ca l ib ra t ed  e i t h e r  aga ins t  a sample of the  same s i z e  
and shape with known s u s c e p t i b i l i t y  or by ca l cu la t ion  from the  geometry 
of c o i l s  B and L, and the  s i z e  and t h e  pos i t i on  of the  sample. 

Although superconducting sh ie lds ,  magnets, and de tec t ion  c i r c u i t  
necessa r i ly  operate  a t  l i qu id  helium temperatures, the  sample may operate  
a t  any des i red  temperature by placing it  ins ide  a doublecwalled dewar 
vesse l .  Figure 2 i s  a schematic diagram of the  s u s c e p t i b i l i t y  c r y o s t a t  
which has been constructed.  The whole assembly shown i n  t h i s  diagram i s  
immersed i n  l i q u i d  helium. There a r e  three  independently sealed vacuum- 
t i g h t  chambers -- (1) the  upper superconducting sh ie ld  and contents ,  ( 2 )  
the  switch hea ter ,  and (3) the  lower superconducting sh ie ld  and de tec to r .  
The upper chamber i s  f i l l e d  with low pressure helium gas which maintains 
the  e n t i r e  contents  a t  the  temperature of the  surrounding helium bath.  
The switch i s  contained i n  a chamber a t  high vacuum which allows thermal 
i s o l a t i o n  so t h a t  a small port ion of the  superconducting c i r c u i t  may be 
heated above i ts  t r a n s i t i o n  temperature. The de tec to r  chamber is  a l s o  
maintained a t  high vacuum so t ha t  t he  superconducting s h i e l d  surrounding 
the  de t ec to r  may be warmed above its t r a n s i t i o n  temperature and the  
ambient f i e l d  a t  the  superconducting pos t  may be adjusted by ex te rna l  
c o i l s  t o  be a s  near  ze ro  a s  possible.  

The sample i s  contained ins ide  a dewar vesse l  whose inner wal l  i s  a 
copper c a p i l l a r y  tube 0.050 inch O.D. with a 0,003-inch wall .  The outer  
wal l  is  0.100 inch O.D. beryllium-copper a l l o y  tubing with a 0.003-inch 
wal l  thickness.  These tubes a r e  sealed a t  t he  bottom end and the  region 
between i s  maintained a t  high vacuum. To provide add i t iona l  r ad ia t ion  
sh ie ld ing  the  inner  wal l  is  wrapped with mult iple  l aye r s  of 0.00025-inch 
th i ck  aluminized Mylar. 

Resis tors ,  T, a r e  provided a t  the  base of the  sample dewar t o  measure 
the  temperature and t o  provide heating. A small m e t a l l i c  conductor con- 
nec t s  the  inner  wal l  t o  the  outer  wall  and provides a small  con t ro l l ab le  
hea t  leak. The hea t  input  from the hea te r  resistor maintains the sample 
a t  any des i red  temperature from t h a t  of t he  helium bath up to  room tempera- 
ture .  

The pickup coi ls  a r e  wound d i r e c t l y  on the  outer  w a l l  of the  sample 
dewar. The superconducting coils, L, and L,. a r e  wound with 0.002-inch 
t h i c k  x 0.020-lnch wide niobium-25$~ zirconium ribbon and the  c o i l ,  Ls, 
around the superconducting pos t ,  P, is wound of 0.002-inch O.D. niobium 
w i r e .  The j o i n t s  between t h e  ribbon and the  w i r e  a r e  made by spot  welding 
t o  achieve a complete superconducting circuit. C o i l s  A, B, and C c o n s i s t  
of s eve ra l  thousand tu rns  of No. 48 copper w i r e .  Coi l  E i s  a small winding 
of 0.005-inch diameter bismuth w i r e  whose magnetoresistance i s  used a s  a 
measure of the  magnetic f i e l d .  C o i l  D can be used together  with a b a l l i s t i c  
galvanometer t o  check the  magnetic f i e l d  value by shu t t ing  off the  solenoid 
and observing the  voltage pulse  from t h i s  c o i l .  
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The applied magnetic f i e l d  f o r  s u s c e p t i b i l i t y  measurements i s  
furnished by a superconducting solenoid wound i n  two sec t ions .  The 
inner sec t ion  cons i s t s  of approximately 50,000 turns  of 0.003-inch 
diameter niobium-25$ zirconium wire and h a s  a 3/16-inch inner  diameter 
and approximately 1 inch outer  diameter. A second winding outs ide  t h i s  
consists of 13,000 tu rns  of 0.010-inch diameter niobium-zirconium wire.  
The inne r  c o i l  alone can produce f i e l d s  up t o  approximately 30,000 gauss; 
the  o u t e r  co i l  can produce about 20,000 gauss. In  combination the t w o  
may produce f i e l d s  of approximately 40,000 gauss. These solenoids  a r e  
provided with superconducting shunts which can be maintained normal 
while the  magnets a r e  being energized and can then be allowed t o  go 
superconducting so t h a t  the  solenoids operate  a s  p e r s i s t e n t  cu r ren t  
magnets. A ferromagnetic can surrounds these  solenoids  t o  provide a 
r e tu rn  path f o r  t he  magnetic f lux  l i nes  so t h a t  the  niobium-zirconium 
ou te r  superconducting sh ie ld  has a reduced e f f e c t  on the  f i e l d  of the  
solenoid . 

The sample i s  mounted, a s  shown i n  Fig. 3, in s ide  a quar tz  c a p i l l a r y  
tubing which i s  evacuated a f t e r  the  in t roduct ion  of the  sample; a few 
mi l l imeters  of mercury pressure of helium gas a r e  then admitted and 
sea led  i n t o  the  tube. Motion of t he  sample i s  accomplished by a s t a i n -  
less steel tubing connected t o  the b ra s s  f i t t i n g  and extending out  of the  
top  of the c r y o s t a t  t o  a rack and pinion d r ive  permit t ing a very p rec i se  
pos i t ion ing  of the  sample i n  the t w o  coils,  L, and L,. When i t  is  i n  
pos i t i on  i n  the  sample dewar, the sample holder is  surrounded with low 
pressure  helium gas t o  maintain thermal equilibrium between the  sample 
and the  dewar walls.  

Figure 4 is  a photograph of t he  outer  sample dewar wal l  with c o i l s  
mounted and with a terminal block at tached t o  i ts  lower end. The 
d e t e c t o r  post, P, shown i n  Fig. 5 is  a 1 - m i l l i m e t e r  diameter, approxi- 
mately 1 centimeter long, t i n  rod on which a r e  wound c o i l  L, and s i g n a l  
c o i l  C. An aquadag coa t ing  a t  the t i p  is the  r e s i s t i v e  hea te r  and a 
copper pedestal  is  the  heat  sink, To. The can, C, i s  the vacuum jacke t  
surrounding the  switch, S, and containing a t h i r d  superconducting sh ie ld  
which p ro tec t s  the  p a i r  of superconducting leads  being heated by S from 
any magnetic f i e l d s  produced by the  hea ter  r e s i s t o r s .  The c o i l  assembly 
shown i n  Fig. 4 mounts d i r e c t l y  on top of the  can, C, a t  the  opposi te  end 
from the  superconducting post ,  P. 

A view of the  disassembled c r y o s t a t  components i s  shown i n  Fig. 6. 
Superconducting magnets A and B mount i n s i d e  the  ferromagnetic sh i e ld  C, 
and together  with terminal block D, a l l  mount i n s i d e  the  copper jacke t ,  
K. Thin-walled beryll ium copper tubes,  1/8-inch i n  diameter, connect 
the  magnet jacke t  and de tec to r  c i r c u i t s  t o  the  top p l a t e  and provide 
access  f o r  the  leads  and pumpouts f o r  the  var ious vacuum chambers. 
Magnetic sh i e ld  F conta ins  switch S (shown i n  Fig. 2 )  and mounts i n s i d e  
the  vacuum jacket ,  E, which i n  turn  i s  mounted t o  the  bottom of j acke t  K. 
F ina l ly  the  copper pedestal ,  G, mounts a t  the  bottom of can E and is 
covered by the  superconducting sh ie ld ,  H, and the  vacuum jacket ,  I, which 
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FIG. 5 MODULATED INDUCTANCE DETECTOR 
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screws t o  the  bottom s i d e  of can E. The e n t i r e  assembly i s  immersed i n  
l i q u i d  helium i n s i d e  the  g l a s s  dewar, J. 
t u r e  i s  maintained a t  approximately 3 . 6 ' K  by pumping through the  l a rge  
copper l i n e  a t  the  back of the  top p l a t e .  

The l i q u i d  helium bath tempera- 

The disassembled components of t he  sample dewar a r e  shown i n  Fig. 
A s  mentioned above, the inner  wall of the  sample dewar cons i s t s  of a 
0.050-inch O.D. copper cap i l l a ry ,  C in Fig. 7 ,  which a t taches  t o  i t s  
cont inua t ion  a s t a i n l e s s  s t e e l  tube, B, extending to  the top p l a t e  of 
t he  c ryos ta t .  The outer  wall  of the  sample dewar c o n s i s t s  of the  
beryllium-copper tube shown i n  Fig. 4, which i n  t u r n  connects t o  s t a i n  
less steel tube A, i n  Fig. 7.  This extends t o  the top p l a t e  with a 
pumpout (shown i n  Fig. 7 )  allowing the  j acke t  region t o  be evacuated. 
P a r t  E shown i n  Fig. 7 i s  the  brass  f i t t i n g  a l s o  depicted i n  Fig. 3. 
The s t a i n l e s s  s t e e l  tubing, D, provides the  sample motion by the  r ack  
and pinion assembly shown a t  t he  f a r  l e f t  edge of the  photograph. 

Figure 8 i s  a photograph of the  c r y o s t a t  i n  operat ing pos i t i on  with 
the  associated pumps and e lec t ronics .  Only the  top p l a t e  and sample 
motion con t ro l  show a t  the top of the  helium dewar, which i t s e l f  i s  
immersed in s ide  a l i q u i d  nitrogen dewar. The l a rge  Helmholtz coi ls  w e r e  
used i n i t i a l l y  t o  n u l l  t h e  ambient f i e l d  i n  the  room t o  approximately 

gauss a t  the  region of the  de t ec to r  before the  superconducting 
s h i e l d  surrounding the  de t ec to r  is cooled. It has been found t h a t  a 
cy l inde r  of Hypernom which s l i p s  around the  base of the  n i t rogen  
can be used t o  reduce the  ambient f i e l d  t o  approximately the  same l eve l .  
Hypernom cyl inders  have been used i n  a l l  subsequent experiments. 

Although a r e l a t i v e l y  complicated-looking arrangement of e l ec t ron ic s  
i s  assembled here, only a few simple func t ions  a r e  being c a r r i e d  out. 
These func t ions  can be iden t i f i ed  roughly with the  f i v e  ind iv idua l  racks 
shown i n  

1. 

2. 

3. 

4. 

5. 

Fig. 8 .  S t a r t i n g  a t  the l e f t  r e a r  rack they a r e  a s  follows: 

Osc i l l a to r  and impedance matching network f o r  
heat ing the  superconducting post  

A very s e n s i t i v e  ac res i s tance  bridge employing 
a lock-in de t ec to r  and used t o  measure the 
magnetoresistance of the bismuth w i r e  ( t o  de t e r -  
mine the magnetic f i e l d  a t  the  sample) and t o  
measure the  resistance of var ious thermometer 
r e s i s t o r s  i n  the  c ryos t a t  

A cu r ren t  supply f o r  t h e  superconducting 
solenoids  and cu r ren t  suppl ies  f o r  the  n u l l  co i l  
and t r i m  f i e l d s  

A low-noise ampl i f ie r  and lock-in de t ec to r  with 
recorder output f o r  measuring the  s i g n a l  vol tage 
from c o i l  C 

A magnetometer f o r  determining the  f i e l d  s t r eng th  
a t  the  center  of the  Helmholtz a r ray  

F ina l ly  there  a r e  numerous power suppl ies  f o r  these  var ious components. 
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B. Operations 

Immediately upon completion of the c r y o s t a t  components the  e n t i r e  
apparatus w a s  assembled and i n i t i a l  l i qu id  helium temperature runs were 
begun t o  test i t s  performance. The de tec t ion  c i r c u i t  operated a s  de- 
signed and was s e n s i t i v e  t o  f i e l d  changes of approximately lov4 gauss 
i n  the pickup c o i l s  when operating a t  200 cps. This l i m i t  was set by 
the  presence of small  ambient f i e l d  grad ien t  a t  t h e  superconducting . 

pos t  and was being systematical ly  reduced during the  e a r l y  runs. A d e -  
qua te  sh ie ld ing  was obtained between the  sample chamber and the de t ec t ion  
chamber a t  l e a s t  up t o  a f i e l d  of 25,000 gauss i n  the  sample chamber. 

The sample handling mechanism and the  small sample dewar a l s o  
operated properly.  The sample w a s  maintained near  room temperature f o r  
a period of approximately 48 hours while the  c ryos t a t  was immersed i n  
l i q u i d  helium. 

One major d i f f i c u l t y  was encountered w i t h  the  superconducting 
magnets during these runs. The connections t o  the  superconducting 
solenoids  were imperfect; t h i s  resul ted i n  an excessive amount of h e a t -  
ing.  This  heat ing prevented the solenoids  from being operated i n  t h e  
p e r s i s t e n t  cu r ren t  mode which i s  necessary f o r  s u s c e p t i b i l i t y  measure- 
ments. These f a u l t y  connections apparent ly  a l s o  prevented the  operat ion 
of the  magnet a t  f i e l d s  higher than 25,000 gauss. 
cu r ren t ly  being reconnected t o  e l iminate  t h i s  d i f f i c u l t y .  An almost 
i d e n t i c a l  magnet was constructed previously; when tes ted ,  i t  was found 
to  achieve f i e l d s  of approximately 30,000 gauss and t o  operate  i n  the  
p e r s i s t e n t  cur ren t  m o d e .  

The magnets a r e  

Some add i t iona l  l i qu id  helium temperature runs were made t o  c a l i b r a t e  
the  var ious thermometers and the bismuth magnetometer a s  well  a s  to  de- 
velop technique i n  using the modulated inductance de tec to r  c i r c u i t .  

Sample Se lec t ion  and Preparation 

A sample of coronene, Cz4Hl2, has been pu r i f i ed  by mul t ip le  re- 
c r y s t a l l i z a t i o n  and i t s  pur i ty  has been checked by i ts  u l t r a v i o l e t  
spectrum. This mater ia l  w i l l  be used f o r  the  i n i t i a l  s u s c e p t i b i l i t y  
measurements. A sample of hexabenzocoronene, C42H18,  has been located 
and should be on hand within a few weeks. Samples of e t ioporphyrin and 
deuteroporphyrin have a l s o  been obtained, a s  have magnesium and copper 
phthalocyanine. These mater ia ls  w i l l  be prepared f o r  subsequent measure- 
ments. 
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Dr. F. Sondheimer has indicated that he will supply us with samples 
of his cyclic polyenes, provided our requirements do not conflict with 
those of a group in England to whom he has already committed samples. 
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Bascom S. Deaver, Jr., Physicist 
Nuclear Physics Department 
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E. M. Kinderman, Manager 
Nuclear Physics Department 
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